The fault plane orientation of the July 30, 1967, Caracas earthquake (Mw=6.6) has been a source of controversy for several years. This strike-slip event was originally thought to have occurred on an eastwest oriented fault plane, reflecting the relative motion between the Caribbean and South American plates. More recently, however, the complex seismic radiation from this event was interpreted as being indicative of a north-south striking fault that ruptured along three en echelon segments. In this study we synthesize evidence based on the intensity and damage reports, the distribution of aftershocks, and the results of a joint formal inversion of the P and SH waves and show that these data clearly indicate that the rupture of the 1967 earthquake occurred on an east-west trending fault system. Using a master event technique, the largest aftershock, which occurred 40 min after the main event, is shown to lie 50 km east of the epicenter of the mainshock. The epicentral distances of small aftershocks registered in Caracas, based on the S-P arrival time differences and the polarizations of the P waves, are also consistent with these events occurring on an east-west oriented fault system north of Caracas. A joint inversion of the teleseismic P and SH waves, recorded on long-period seismographs of the World-Wide Standardized Seismographic Network, shows that in a time frame of 65 s, four distinct bursts of seismic moment release (subevents) occurred, with a total seismic moment of 8.6 x 10 •8 N m. The first three subevents triggered sequentially from west to east, in a direction that is almost identical to the east-west trending nodal planes of the source mechanisms. The average depth of these three subevents is 14 km. The fourth, and last identifiable, subevent of the sequence shows a reverse faulting mechanism with the nodal planes oriented roughly eastwest. It occurred at a 21-km depth, about 50 km to the north of the fault zone defined by the strike-slip subevents. This fourth subevent appears to reflect compressional deformation of the southern Caribbean, possibly related to underthrusting along the proposed Curaqao trench. The complexity of the fault system causing the 1967 earthquake suggests that the relative motion along the Caribbean-South America plate boundary in central Venezuela is taken up over a broad, highly faulted, and highly stressed zone of deformation and not by a simple, major throughgoing fault.
INTRODUCTION
On July 30, 1967, parts of the city of Caracas and several neighboring coastal towns were severely damaged by a moderate-sized earthquake (Mw=6.6). Although the so-called Caracas earthquake was not a great plate boundary earthquake, it is one of the largest event to have occurred along the Caribbean-South American plate boundary in central Venezuela since the magnitude 8.4 (Ms) earthquake of 1900 [Richter, 1958] . Thus the Caracas earthquake represents an important piece of evidence for understanding the tectonic regime and seismic hazard of this complex plate boundary.
The fault plane solution of the Caracas earthquake based on P wave first motions [Molnar and Sykes, 1969] shows a nearly pure strike-slip mechanism with nodal planes oriented N10øW and N80øE, respectively. Molnar and Sykes [1969] originally interpreted this earthquake as occurring on an east-west trending, right-lateral strike-slip fault, reflecting the relative motion between the Caribbean and South American plates. Rial [1978] , however, suggested, on the basis of body wave modeling, that the Caracas earthquake occurred on a series of en echelon faults striking north-south and with a left-lateral motion. Rial [1978] reached his conclusion based on the interpretation of the asymmetry in the observed waveforms.
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Although the tectonic fabric in north central Venezuela is dominated by a series of right-lateral strike-slip faults oriented roughly east to west [Rod, 1956; Schubert, 1981; Soulas, 1986] (Figure 1 ), the region near Caracas exhibits a complex faulting pattern including faults oriented in a NNW-SSE direction (Figure 2 ). This complexity may be related to the bend in the plate boundary that takes place in the vicinity (Figure 1 ). The motivation for reanalizing the Caracas earthquake comes from the observation that although rupture on faults oriented north-south is quite feasible in this tectonically complex area, the solution proposed by Rial [1978] does not explain adequately the intensity distribution and damage, nor the location of aftershocks.
Furthermore, aside from being an important datum in an area of low background seismicity and of relatively short seismic history, the Caracas earthquake is also a peculiar and particularly interesting earthquake from the point of view of seismic rupture propagation. As Rial [1978] pointed out, the rupture process of this earthquake is very complex. The body wave trains last up to 100 s, almost 5 times as long as would be expected for a shallow earthquake of that magnitude, and show several distinct subevents. The study by Rial [1978] is of particular interest because it represents the first attempt to use body wave modeling in order to investigate the rupture process of a complex event.
The purpose of this work is to further the study of the 1967 earthquake initiated by Rial [1978] . In order to characterize the time history and geometry of the rupture process, we 17 synthesize evidence from the damage and intensity reports, the epicentral location of the mainshock, the distribution of aftershocks, and the geologic information. Furthermore, we present a detailed study of the body waves using a formal least squares inversion algorithm [Ndb•lek, 1984] ; this deterministic approach eliminates many of the resolution problems encountered in a trial-and-error, visual matching of the observed and synthetic waveforms. The main conclusion of our study is that, contrary to Rial's [1978] initial suggestion, the 1967 earthquake occurred on a set of east-west trending fault planes. 
TECTONICS AND SEISMICITY OF NORTHERN

Active Faults in North Central Venezuela
The Moron fault zone that presumably defines the plate boundary between the Caribbean and South American plates in central northern Venezuela, near Caracas, is not a single, welldefined strike-slip fault but is a system of en echelon, rightlateral faults, oriented roughly east-west [Rod, 1956; Schubert and Krause, 1984; Soulas, 1986] (Figure 2) . Moreover, there are some faults with a NW-SE trend showing both strike-slip and normal faulting [Schubert and Laredo, 1979; Singer, 1977] (Figure 2) . The complexity and segmentation of the plate boundary in this region, compared to the more linear and welldefined faults to the east (El Pilaf fault) and to the SW (Bocono fault), probably is a consequence the sharp change in strike (about 45 ø) between these two major fault zones (Figure 1) . Although the apex of the bend is presumed to be about 100 km west of Caracas, it is expected that the deformation produced by the bend would cover a large area. 
Epicentral Location of the Mainshock
The epicenter of an earthquake, being determined from arrival times of short-period body waves, reflects the location of the point on the fault plane where rupture initiates. Usually, when an event with a complex fault rupture process is studied using the shape and duration of the body waves, the locations of the subevents that compose the earthquake are estimated relative to the point of nucleation of the rupture (the epicenter). A good estimate of the epicenter is necessary for geographical placement of the subevents. As we discuss below, in the case of the Caracas earthquake, the choice of the epicenter is also crucial for the interpretation of the intensity data and the distribution of aftershocks.
The model derived by Rial [1978] 
Intensity Distribution and the Orientation of the Fault System
The choice of the epicenter is crucial for the model proposed by Rial [1978] , because when the fault system is moved to the more precise ISC epicentral location, his proposed faults lie 
Spatial Distribution of Aftershocks
The most direct way for determining the orientation of an earthquake rupture, other than actually mapping its surface expression, is from the distribution of aftershocks. The Caracas earthquake, however, had no large enough aftershocks that were well recorded by the worldwide seismic networks, and the local seismographs in Caracas capable of recording smaller events were damaged for a few days after the earthquake. It is remarkable that an earthquake of the magnitude of the Caracas event, and with such complex history and geometry of rupture, did not produce larger aftershocks.
The only suggestion for a moderately large aftershocks comes from newspaper accounts describing other strong quakes shaking the city of Caracas after the mainshock. The largest of these aftershocks caused panic among the popula- The results presented above strongly favor the initial assumption of Molnar and Sykes [1969] that the Caracas earthquake occurred on one of the various east-west running faults that define this complex plate boundary. This prompted us to reexamine quantitatively the radiation of P and SH waves using a formal inversion scheme. The following section describes the results of this analysis.
INVERSION OF BODY WAVES
Data Preparation and Inversion Method
The source parameters and rupture process of the Caracas earthquake are investigated through an inversion of longperiod P waves and SH waves recorded by the WWSSN. Only 
Inversion Strategy
The waveforms indicate that the Caracas earthquake is a complex, multiple event. Rial [1978] showed that at least three subevents were necessary to match the observed wave trains. The number of free source parameters necessary to describe these waveforms is quite large. To deal with the complexity of the source mechanism, while trying to keep the number of free parameters to a minimum, a stepwise inversion strategy was adopted. As a first step, the Caracas earthquake was assumed to be a single-point source with a long source time function. The starting source mechanism for the Table 4 are used. third and fourth subevents (Figures 10c and 10d) Once this piecewise inversion of the waveforms was finished, all parameters were freed, and the inversion was allowed to iterate to the best fitting solution. What was done by the stepwise inversion scheme described above was to find a stable and realistic starting model for the final inversion in which all parameters were allowed to vary at once. This minimized wild iterations and insured that the inversion algorithm would iterate to the true minimum in the residual space. The reason we were able to take this simplified approach is that the Caracas earthquake was composed of distinct subevents we!! separated in time and because our main concern was to fit the major long-period arrivals in the observed waveforms.
A West-to-East Rupture Propagation
The final inversion yields for each subevent the seismic moment, focal mechanism, depth, source time function, and the location relative to the first subevent. We find that the main seismic radiation is dominated by four subevents (Table 4 and Figure 11 ). The first three events trigger sequentially from west to east, with distances of about 50 km from one another.
These three events show almost pure strike-slip motion, although the mechanism of the third one begins to show some dip-slip component (Figure 11) seismic moment (tensor sum) of the Caracas earthquake is 8.6
x 10 Is N m (Mw=6.6).
The orientation of the fault system defined by the locations of the subevents forming the Caracas earthquake is subparallel to the east-west oriented nodal plane of the fault plane solutions, indicating that the rupture occurred on an east-west oriented fault system. The synthetic seismograms computed using the source model derived from the joint inversion of P and SH waves agree well with the observed waveforms (Figures   12a and 12b) . For all the stations analyzed, there are no significant mismatches in the arrival times of the major pulses between the observed and the synthetic waveforms. As expected, the matches are not as good for stations near the nodes of the radiation patterns, where small errors in the assumed ray takeoff angles produce large errors in shape and amplitudes of the arrivals. Also, due to the underparameterization of the source, the matches are better for the lower frequencies than for the higher frequencies. This is reflected in somewhat underestimated amplitudes of P waves in the direction of rupture. Overall, within a time frame of about 65 s from the onset of the body waves, the rupture process of the 1967 earthquake is well represented by the four shocks (Figures 12a and 12b) . Subevents 1 and 2 are the best resolved of the sequence. They are well separated in time and produce strong contributions on all seismograms (Figure 10 ). Subevent 4 is also well resolved. Due to its dip-slip mechanism, it has a stronger effect on the ? waves than on the SH waves (Figure 10) . The third subevent is partly buffed in the coda of the first and second subevents and has the smallest effect on reducing the residuals; consequently, it is the least resolved subevent of the sequence.
In order to visualize the effect of the fault geometry on the body waves and to evaluate the resolution of the data, it is instructive to compare the solution obtained here with that determined by Rial [1978] . In the case of the P waves, the largest differences between the two source models occur in the western stations. For example, at station LUB (United States), the north-south trending fault model shows large phase offsets relative to the observations (Figure 13 ). SH waves are more sensitive to rupture propagation than P waves, and here the orientation of the fault system is even more crucial in fitting the observed seismograms. At stations UNM and TOL, neither the amplitude nor the phase of the synthetic seismograms produced with a north-south oriented fault match the observations (Figure 13 ). This is particularly true for TOL, where the compressed nature of the observed SH waves cannot be matched by a fault system propagating north to south. The opposite is true at station UNM, where the synthetic seismogram for Rial's [1978] model is too short compared to the recorded SH wave. It should be pointed out that we were unable to reproduce the synthetic waveforms presented in Rial's paper using the parameters shown in his Table 1. Many of the synthetic waveforms presented by Rial [1978] appear to be missing the third subevent which he interpreted to be the largest one of all.
As we discussed before, stations located to the north and south of the fault zone do not exhibit large differences in the wave shapes, indicating they do not "see" a directivity effect 
Geometry of Faulting and Damage and Intensity Reports
The epicenter of the second subevent lies north of Caracas, about 12 km offshore. This subevent was the largest of the sequence (Table 4) 
